Abstract. Reliable markers for monitoring bladder tumor therapy are needed to evaluate treatment effectiveness. Thymidine kinase 1 (TK1) is an enzyme involved in DNA synthesis and therefore proliferation-dependent. Serum concentration of TK1 (STK1) correlates with malignancy in various types of cancer, thus reflecting treatment results. This study explores for the first time the use of STK1 concentration, both as a prognostic marker and to monitor the outcome of bladder carcinoma surgery. STK1 in 56 bladder carcinoma patients was measured pre-operatively, and postoperatively at 1 week and 1, 3, and 6 months, using an immune ECL dot blot assay. An anti-TK1 chicken IgY antibody was used to determine STK1 concentrations. Mean pre-operative STK1 of bladder carcinoma patients was significantly higher than that of healthy individuals, with no overlap of individual values. STK1 concentrations increased significantly with tumor stage (I-III) and T-values (T1-T2), but not tumor grade (G1-G4). STK1 gradually declined, being 66% lower after 1 week. STK1 reached the level of healthy controls at 1 month and remained there for at least 6 months, post-operatively until this study ended. Since STK1 concentration correlates with tumor stage, degree of invasion and metastasis, and monitors the surgical outcome, it can be a reliable index to diagnose and determine prognosis in post-operative bladder carcinoma.
Introduction
Tumor markers are still not fully accepted in clinical use, although several have been used for decades. In bladder carcinoma, the use of biomarkers in detecting superficial disease or predicting the clinical outcome of individual tumors is limited and controversial. Carcinoembryonic antigens (CEA), CA125 and CA19.9 can be used to monitor patients with advanced malignancy (1, 2) , while CEA CA50, and CA19 and tissue polypeptide antigen (TPA) have been used to distinguish surface from invasive tumors (3) . TPA is a circulating complex of polypeptide fragments from cytokeratin 8, 18 and 19, which has been used for years. TPA levels are significantly higher in the serum and urine of patients with bladder cancer than in controls. However, no difference was found in the TPA levels between superficial and invasive bladder cancers (4) . Cytokeratin 19 (CYFRA 21-1) might play a role in diagnosing bladder cancer and assist urologists in detecting bladder cancer as a non-invasive adjunct to cytoscopy (5) . It might also be a useful marker in diagnosing transitional cell carcinoma as it is sensitive to low-grade disease (6) . Tissue polypeptide-specific antigen (TPS) and polyclonal antibodies against cytokeratin 18 are also tumor markers for following up and establishing prognosis of bladder cancer. Serum TPS shows a correlation to stage, urine cytology, and tumor shape and size. There is a significant correlation between TPS and stage, presence of metastatic lymph nodes, metastasis, urinary cytology, and tumor shape and tumor size. However, grade, number of tumors, relapses, and recurrences were not significantly correlated with serum TPS, and do not appear to be useful in the follow-up of patients with bladder disease (7) . It is clear that serum cytokeratin-18 level increases in patients with bladder cancer. However, cytokeratin-18 is only useful as a tumor marker in diagnosing T3 and higher stage tumors, but has no diagnostic value in lower stage bladder cancers (8) . In evaluating the individual and combined use of three cytokeratin fragments, i.e. CYFRA 21-1, TPA, and TPS, in the serum of bladder cancer patients, the sensitivity of each of the three markers was found to increase with advancing tumor stage and grade. Combining 2 of the 3 markers did not raise the sensitivity obtained by using CYFRA 21-1 alone (9) . There are other serum markers, such as tumor-associated trypsine inhibitor (TATI) and MUC1. Serum TATI is an independent prognostic factor in transitional cell carcinoma and potentially useful for identifying patients with an adverse prognosis (10) . MUC1 levels are high in advanced disease and serum MUC1 levels may be useful in monitoring disease, (11) . It is suggested that high-throughput DNA micro-arrays will soon move from being technology restricted to research and clinical laboratories (12) . Methylation of the p16 (INK4a) promoter may be a new type of tumor marker in bladder cancer (13) .
New alternative markers are constantly being sought. Thymidine kinase 1 (TK1) was found to be a useful marker in tumor sections of breast (14) (15) (16) (17) , colorectal (18) , lung (19) , and prostate (20) cancer. The concentration of TK1 in serum (STK1), rather than its activity, was also found to be a useful marker in monitoring the outcome of tumor therapy in patients with breast (21), gastric (22) , and lung (40) cancer. TK1 may also be used as a molecular therapeutic target (23) . In primary bladder carcinomas, cytosolic TK activity in T1 tumors was twice that of Ta tumors. Cytosolic TK activity in Table I . Concentrations of STK1 in healthy persons and preoperative patients. 
The pre-operative patients were subdivided into four groups: initial disease and recurrence, and superficial and invasive diseases. Mean values ± SD. p-values were calculated using the Student's t-test. grade 3 (G3) tumors was also twice that found in G1 and G2 tumors (24) . The present study examines for the first time the use of TK1 concentration, rather than activity, in the serum of patients with primary bladder carcinoma as a diagnostic marker and to monitor surgical outcome.
Patients and methods

Patients.
A total of 56 patients with histologically diagnosed primary bladder carcinoma (35 male and 21 female; median age, 52 years; range 31-84) were recruited. Informed consent was obtained, and patients were prospectively evaluated at the RenMin Hospital, Wuhan University, China, from 2000 to 2005. Of the patients, 38 presented initial disease and 18 presented recurrence (operated once, but tumor recurred) and were assessed according to TURBt or cystectomy. According to the AJCC TNM classification system (25), the patients (initial and recurrence) could be classified as: clinical T value of T1 (n=15), T2a (n=14), T2b (n=17), T3 (n=7), and T4 (n=3); clinical stage I (n=17), stage II (n=29), and stage III (n=10); and tumor grades (G) of G1 (n=18), G2 (n=24), and G3 (n=14). No T4 or grade 1 patients were found in the initial disease group. The clinical stage and G grade classifications of the recurrence patients were done based on the recurrent tumors. Age-matched healthy persons [n=20; 13 male and 7 female; median age, 50 years (range, 31-81 years)] were used as positive controls. No significant differences in STK1 concentration were found between different ages and gender of the healthy controls.
Serum samples were taken from all pre-operative patients 7 days before surgery. From the 56 patients who had undergone curative bladderectomy and were regarded as tumor-free, serum samples were taken 7 and 30 days post-operatively. Serum samples were further collected from 11 cases 90 days postoperatively and from 6 cases 180 days post-operatively. Sera from 20 healthy subjects were used as controls. All serum samples were collected in non-heparinized tubes in the morning after a fast of approximately 12 h, then stored at -20˚C before analysis. The study was conducted in accordance with the Helsinki Declaration of 1983.
ECL dot blot analysis of STK1 concentration. STK1 concentration was measured using an enhanced chemiluminescent (ECL) dot blot assay, as previously described (21) . Serum (3 μl) was applied to a nitrocellulose membrane (Hyband™ © ; Amersham Pharmacia, Sweden) in duplicate. The sera were probed both with and without anti-TK1 chicken IgY antibody raised against a synthetic peptide (residue 195-225, GQP A G P D N K E N C P V P G K P G E A V A A R K L F A P Q ) corresponding to part of the C-terminus of human TK1 (15) , with the latter as negative controls. Recombinant human TK1 (rHTK1) was used as positive control. The membrane was blocked in TBS buffer with 10% non-fat milk for 4 h, primary anti-TK1 IgY Ab was added, and the membrane was incubated at room temperature for 4 h. After incubation with a biotinylated secondary antibody for 1 h at room temperature, the membrane was immersed in TBS buffer containing 3% H 2 O 2 for 5 min. The membrane was then incubated in TBS buffer containing streptavidin-HRP and exposed to X-ray film. The intensity of spots on the film was determined using a laser densitometer (Bio-Rad Laboratories, Inc., Hercules, CA, USA). From the intensity of the rHTK1 of known concentrations (0, 1.5, 4.5, 13.5, and 40.5 pM), the intensities of STK1 were recalculated and expressed as pM.
Statistical methods. The differences between the STK1 concentrations of various groups of patients and the change in STK1 concentrations of patients during the 6 months after surgery were analyzed using the Student's t-test. p-values <0.05 were considered statistically significant.
Results
STK1 concentration of pre-operative patients and healthy individuals. STK1 of healthy individuals and patients.
The individual and mean STK1 concentrations are shown in Table I and Figs. 1  and 2 . The STK1 concentrations of healthy individuals ranged from undetectable to 2.3 pM, with a mean value of 1.2±0.6 pM. The pre-operative STK1 concentrations of both the initial disease and recurrence ranged from 10 to 100 pM, with a mean value of 26.1±16.6 pM, statistically significantly different from that of the healthy individuals.
STK1 of patients with initial, recurrence, invasive or superficial tumors.
The STK1 concentrations of pre-operative patients with recurrence were 155% higher (33.3±14.4 pM) than those of the pre-operative patients with initial disease (21.5±8.0 pM), a statistically significant difference (Table I) . However, there was a marked overlap between the two groups (Fig. 2) .
The STK1 concentrations of patients with invasive tumors (29.6±16.0 pM) were significantly higher than those of patients with superficial tumors (15.4±4.5 pM) (p<0.001) ( Table I) .
STK1 in relation to tumor stage and grade. STK1 concentrations of the pre-operative patients were also related to tumor stage and grade. The individual and mean STK1 values of the initial disease and recurrence patients are presented in Table II and Figs. 1 and 2 . Few initial tumor cases were T3/T4 or stage 3, while few recurrence tumors were found among T1 and stage I cases, indicating the aggressiveness of recurrence tumors. STK1 concentrations increased significantly by T-value and stage, but not by grade. In patients with initial disease, STK1 concentrations were significantly different between T1 and T2a, T2a and T2b, T2b and T3 cases, and stage I and II, and stage II and III cases (Table II) . This was also found in the recurrence patients, except for T2b and T3 patients, among whom no significant difference was detected. It is important to note Table II . STK1 concentrations in patients with initial disease and recurrence, separately and together (initial + recurrence) in relation to pre-operative tumor stage and grade. 
-----------------------------------------------------------------------------------------------------Initial Recurrence Initial + recurrence ----------------------------------------------------------------------STK1 (pM) p-value STK1 (pM) p-value STK1 (pM) p-value -----------------------------------------------------------------------------------------------------
(n=14) -----------------------------------------------------------------------------------------------------
Mean values ± SD. p-values were calculated using the Student's t-test. np, no patients.
-----------------------------------------------------------------------------------------------------
that there was no overlap of individual STK1 values for the T1 and T2b/T3/T4 cases, stage I and stage III cases, or patients and healthy persons (Fig. 1) , demonstrating the sensitivity of this assay.
Post-operative STK1 concentrations. Changes in individual and mean STK1 concentration values following surgery are summarized in Fig. 2 . All patients were regarded as tumorfree as a result of the operation. STK1 concentrations of the initial and recurrence patients decreased significantly to about 8-10 pM at 7 days after surgery, corresponding to a half-life of about 6 days. The STK1 concentrations decreased further, reaching levels corresponding to those of healthy persons at 30 days post-operatively. Eleven patients were followed up at 90 days and another 6 patients at 180 days post-operatively. STK1 concentrations of these patients were stable and remained at levels characteristic of healthy persons until 180 days post-operatively.
Discussion
Bladder cancer is among the most common malignancies in China, and occurs more frequently in males. A high frequency of recurrence is found in post-operative patients. Cytoscope examination can be done regularly to look for tumor recurrence, but this procedure causes considerable physical and psychological suffering. Much research has been devoted to finding serum biomarkers of early stage tumors; the results, however, have been limited and controversial.
One way of tumor stage detection is to determine the proliferation rate. The proportion of DNA-synthesizing cells (S-phase cells) in tumors has been used as a measure of cancer cell proliferation by means of radio-labeled thymidine in autoradiography. Incorporation of halogen-analogies of thymidine (BrdU) and antibodies against these has also been used together with quantitative flow cytometric DNA measurements. The disadvantage of using flow cytometric DNA measurements is that the technique is unable to distinguish between proliferating and non-proliferating cells. Determination of S-phase cells is even more complicated in tumors, which do not deviate in terms of DNA-content from benign cells (26, 27) . Instead of measuring DNA-synthesis itself by the incorporation of DNA precursors, markers related to DNA synthesizing (proliferating) cells have been used to histochemically stain tissue sections, i.e Ki-67 and PCNA (proliferating cell nuclear antigen) (28, 29) .
Thymidine kinase (TK), an enzyme of the pyrimidine salvage pathway, catalyzes the phosphorylation of thymidine to thymidine monophosphate. TK is a key enzyme involved in DNA synthesis. TK in human cells appears in two forms, a cytoplasmic (TK1) and mitochondrial (TK2) protein, encoded by different genes. Human TK1 and TK2 are located on chromosomes 17q23.2-q25.3 (30) and 16q22-q23.1 (31) respectively. The expression of TK1 is cell-cycle regulated, and TK1 regulation is complex with mRNA levels peaking in S-phase cells. TK1 levels are mainly regulated by posttranslational mechanisms, particularly by differential degradation due to highly active protease expression in mitotic cells. TK2 activity is about 5% of that of TK1 and only found in resting cells. TK2 is not cell-cycle regulated (32-34) . The C-terminal region of TK1 contains a specific sequence, KEN, which has been shown to be a signal of the mitotic degradation of TK1 by the anaphase-promoting complex/cyclosome-cdh1-mediated pathway (35) . This crucial cell cycle regulated ubiquitin-proteasome pathway present in mammalian cells is responsible for the degradation of several other key proteins, such as cdc20, cdc25A, and ribonucleotide reductase (35) .
TK has been used to identify proliferating cells in cancer tissues. Using thymidine or its analogue 5-iodo-2'-deoxyuridine as a substrate, TK activity in serum (STK) was established as a proliferation marker in 1980 (36) . Previous results indicate that STK1 is a polymeric form of TK1, probably existing in complex with other serum proteins, and has a total molecular weight of approximately 700 kDa (37) . The STK activity is useful for the estimation of tumor spread and prognosis in patients with leukemia (38) , Hodgkin and non-Hodgkin's lymphoma (36) or preoperative patients with advanced ovarian cancer (39), but not for prognosis and monitoring the outcome of tumor therapy in solid tumors (22) . TK activity was also determined in cytosol fractions of breast tumor tissues of 1,692 patients. High TK1 activity correlated to a shorter survival, as well as poor outcome of chemotherapy and endocrine treatment (tamoxifen) (23) . Cytosolic TK activity also correlated with tumor stage and grade in primary bladder carcinomas (24) .
Anti-TK1 antibodies have been developed for potential clinical purpose in both serological and histochemical detection (15, 19, 34) . We have developed an anti-TK1 chicken IgY antibody, raised against a 31 synthetic peptide corresponding to the C-terminus of human TK1 (15) . This part of the TK1 polypeptide is involved in the cell-cycle regulation of TK1 synthesis (34) and its mitotic degradation by the anaphasepromoting complex/cyclosome-Cdh1-mediated pathway (35) .
The present study is the first to explore the use of STK1 concentration as a prognostic factor and to monitor the outcome of surgery in primary bladder carcinoma patients. We found that the mean concentration of STK1 of bladder carcinoma patients before surgery, including patients with initial and recurrence tumors, was significantly higher (p<0.001) than that of healthy individuals. We also found a close correlation between increasing STK1 concentrations and stages, similar to the results on cytosolic TK1 activity in bladder carcinomas (24) . In that study, however, there was an extensive overlap in TK1 activity between healthy and malignant patients and between the various stages and grades, which may limit the use of cytosolic TK1 activities on an individual patient basis (24) . In the present study on STK1 concentration, we did not observe any overlap between healthy and malignant patients or T1 and T3/T4 and almost no overlap between stages 1 and 3, indicating that the determination of STK1 concentration is more reliable than cytosolic TK1 activity. The reason could be that the STK enzyme activity is highly sensitive to temperature and pH changes, especially when determining TK activity at low levels. On the other hand, the cytosolic TK1 activity of tumors correlated positively to grade, while TK1 concentration in serum in our study did not.
The high concentration of STK1 in the recurrence and invasive patient groups, as well as higher STK1 concentrations in patients with higher tumor T-values and stages, confirmed ONCOLOGY REPORTS 15: 455-461, 2006 that STK1 concentration is a reliable marker for proliferation in malignant patients. It is also of note that STK1 concentration was able to distinguish between the superficial and invasive type of tumors, which TPA is unable to do (4) .
The most significant results of this study are the close correlation of STK1 concentration to the outcome of surgery. Of those patients who were regarded as tumor-free due to surgery, the STK1 concentrations decreased by about 65% after 1 week and reached the STK1 value of healthy persons after 1 month and remained at this level up to 6 months. There was no overlap in STK1 concentrations between preoperative patients and patients at 1 month after surgery, showing that STK1 concentration is a useful marker for monitoring the outcome of surgery on an individual patient basis. Similar results were found in patients with gastric (22) , breast (21) and lung (40) cancer, when STK1 concentrations were used to follow the results of surgery. In these cases, however, the half-life of STK1 was about 1 month compared to <1 week in patients with bladder carcinoma. One reason for this discrepancy could be that in cases of gastric, breast and lung cancer, there are few but a significant number of malignant cells either left after surgery or as metastasis, contributing to the level of STK1, while this is not the case in primary bladder carcinoma. Although the composition and properties of STK1 are not yet well understood, it is obvious that STK1 is useful as a potential marker for evaluating the effectiveness of treatment, not only in patients with bladder cancer, but also in other types of malignant diseases.
In conclusion, since STK1 concentration correlates both to tumor stage, tumor size (T1 and T2) and degree of invasion, and monitors the results of surgery, STK1 can be used as a reliable index to diagnose and foretell the prognosis in bladder cancer patients post-operatively.
